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Abstract 

The coefEcients that determine the electron heat transfer and diffusion in the crust of neutron stars are calculated 
on the basis of a solution of the Boltzmann equation with allowance for degeneracy. 



Thermal conductivity in the envelopes of neutron stars plays crucial role in many aspects of evolution of these stars. 
Thermal conductivity is the basic quantity needed for calculating the relationship between the internal temperature 
of a neutron star and its effective surface temperature, this relationship affects thermal evolution of the neutron star 
and its radiation spectra. We should know the transport properties of dense matter where electrons are strongly 
Mh, degenerate and form nearly ideal Fermi-gas. Under such conditions, electrons are usually most important heat carriers. 
The present work is devoted to calculation of electron thermal conductivity coefficients under the given conditions on 
the basis of the solution of Boltzmann equation. The magnetic field limits the motion of electrons in the direction 
perpendicular to the field lines and, since they are the main carriers of the heat transport, the thermal conductivity 
1^1 , in this direction is highly suppressed, while remaining unaffected along the field lines. In the present work we obtain 
a new approximation for coefficients of electron heat conductivity along and across magnetic field lines. 
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To calculate the transport coefficients we use a Boltzmann equation with allowance for degeneracy and only two-body 
collisions. We consider an electron gas in the crystal lattice of heavy nuclei and we take into account the interaction 
of the electrons with the nondegenerate nuclei and with one another. The nuclear component of the matter in the 
crust is evidently in the crystal state and therefore the isotropic part of the distribution function /jvo may differ from 
the Maxwellian distribution. If the mass of the tojv nucleus is much greater, than the electron mass m e , the to the 
terms ~ m e /m^ the details of the distribution function /jvo is unimportant, and the calculations can be made for 
arbitrary /jvo- The transfer equations for the electron concentration, total momentum and energy in the two-component 
mixture of electrons and nuclei can be obtained in the usual manner [1] from the Boltzmann equation for nonrelativistic 
H electrons. [IrH] 
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Cqi is mass-average velocity, v, is the thermal velocity of the electrons. 
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3 Derivation of general expressions for the transport coefficients 

The Boltzmann equation can be solved by the Chapmen-Enskog method of successive approximation [T] . The zeroth 
approximation to the electron distribution function is found by equating to zero the collision integral: 

/o = [l + cxp^^]- 1 n e = DJf Q d Vi (5) 

Here, /i is chemical potential of electrons, k is Boltzmann's constant, T is the temperature, and D = 2m 3 /(2irh) 3 . 

The nuclear distribution function in the zeroth approximation /jvo is assumed to be isotropic with respect to the 

velocities and to depend on the local thermodynamic parameters; otherwise it can be arbitrary with the normalization: 
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Using {5} in ([IJ-Q, we obtain the zeroth approximation for the transfer equations. In this approximation (vi) 
0, qi = 0, n lk = (n e + Tl N )6t k 
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In what follows, instead of G n {xo) we will write G n cause the argument is the same. In the first approximation, we 
seek the function / in the form: 

/ = /o(l + x(l-/o)) (7) 

We take deviation of the nuclear distribution function from zeroth approximation in the form: 

fN = .fN0(l + XN) (8) 

X is linear and admits representation of the solution in the form: 
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The functions Ai,Aj\a and Di,D^i determine diffusion and heat transfer. Substituting ([9]) in the equation for \ 
we can obtain equations for A4, A^n, Di, D^i [6 
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We seek solution of (flQ)) in the form of an expansion in polynomials Q n that are orthogonal with weight /o(l — 
/o)x 3 / 2 . Where Q n - are analogous to Sonine polynomials [5|. 

Qo{x) = 1 x = u = — Vi 
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We seek Ai and Di in the form: 

Ai = {a Q + aiQijVi Di = {d Qo + diQi)vt (12) 

Multiplying (fTOj) by DQo(x)ui and DQi(x)ui and integrating with respect to dci, we obtain a system of equation 
for heat conductivity coefficients: 
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Here a,jk bjk are matrix elements for collision integrals. 



4 Finding of matrix elements 
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W^(0, g)d$7 is the effective differential cross section for scattering of particles with relative velocity g that is deflected 
through angle 9 and after the collision lies in the solid angle dft. 

5 Tensor of heat conductivity 

We can find ao and ai by solving (|13p and using following expressions: 

o-q = o-q + iBb ai = a 1 + iBb l 

c o = ( a o)s=o ~ ao c i = ( a i)s=o -a} 

we can find coefficients of heat conductivity tensor [31I31[5] . 

5 k 2 Tn 
Ajfe = ((oj - aj)(5 ife - e lkn B n {bl - b\) + B % B k {cl - cj)) 

In previous works [TIE] the following approximation was used: 

AT = TT^F (18) 

Considering two cases of strong and weak degeneracy, we obtain the following relations: 
for weak degeneracy (nondegenerate) : 

^ = 1 (19) 
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for strong degeneracy: 
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here in weak degeneracy case r = — ^= is relaxation time between electron-nucleus collisions and in 

4 v / 2^Z 2 e i n N A 

3h 3 n e eB . , , x k 2 n 2 e Th 3 

strong degeneracy case r = ~ — ^— , j- and w = is electron cyclotron frequency. Am = . m 
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the strong degeneracy case and An = 4.4/c 7^( — Y^ 2 — a A m the weak degeneracy case (nondegenerate). 
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In our work we obtain the more exact relation for the heat conductivity coefficients along and across magnetic field 
lines by solving Boltzmann kinetic equation. 
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